Microvesicles are generated by the outward budding and fission of membrane vesicles from the cell surface. Recent studies suggest that microvesicle shedding is a highly regulated process that occurs in a spectrum of cell types and, more frequently, in tumor cells. Microvesicles have been widely detected in various biological fluids including peripheral blood, urine and ascitic fluids, and their function and composition depend on the cells from which they originate. By facilitating the horizontal transfer of bioactive molecules such as proteins, RNAs and microRNAs, they are now thought to have vital roles in tumor invasion and metastases, inflammation, coagulation, and stem-cell renewal and expansion. This Commentary summarizes recent literature on the properties and biogenesis of microvesicles and their potential role in cancer progression.
Introduction
Microvesicles are small membrane-enclosed sacs that are thought to be shed from a variety of cell types. Growing evidence demonstrating their bona fide presence in body fluids, such as blood, urine and ascites (Graves et al., 2004; Piccin et al., 2007; Smalley et al., 2008; Taylor and Gercel-Taylor, 2008) , and their potential to serve as indicators in the diagnosis, prognosis and surveillance of a variety of health conditions, has heightened the level of interest in these structures. The function of microvesicles appears to be dependent on the cargo they carry. This, in turn, is dependent on the cell type from which they originate. For example, microvesicles secreted by skeletal cells initiate bone mineralization (Anderson et al., 2005) , whereas those secreted by normal endothelial cells have been implicated in angiogenesis (Morel et al., 2004) . Microvesicles shed from various tumor-cell lines have been thought to facilitate extracellular matrix (ECM) invasion and evasion of the immune response Ginestra et al., 1998; Valenti et al., 2007) . Studies over the past few years have shown that microvesicles can contain bioactive molecules, nucleic acids and/or proteins (Cocucci et al., 2009 ). Microvesicles packaged with microRNAs (miRNAs) or mRNAs have been shown to be released mainly from progenitors of differentiated cells and tumor cells (Mytar et al., 2008; Ratajczak et al., 2006a) .
Although often categorized as -or grouped together withexosomes, which are also shed by normal and diseased cells, microvesicles are a unique population of structures that are distinct from exosomes. As discussed below, whereas exosomes originate predominantly from preformed multivesicular bodies that are released upon fusion with the plasma membrane, microvesicles are formed by the outward budding and fission of the plasma membrane. Once shed, microvesicles can cover some distance, thus enabling the horizontal transfer of bioactive molecules and deposition of packaged bioactive effectors at distal sites.
Cargo contained within microvesicles may be released into the extracellular milieu with consequences for the surrounding environment. For example, microvesicles derived from neutrophils are packed with cytokines that first release antiinflammatory molecules and then, at later time points, can function as pro-inflammatory mediators (Koppler et al., 2006; Mack et al., 2000) . The release of metalloproteases (MMPs) from microvesicles shed by tumor cells promotes tumor invasion and metastases Ginestra et al., 1998) . Microvesicles shed from neurons and astrocytes contain growth factors and promote paracrine responses (Proia et al., 2008; Schiera et al., 2007) . In addition, membrane proteins on microvesicles have been shown to interact specifically with molecules on target cells to promote signaling responses (Eken et al., 2008; Gasser et al., 2003; Losche et al., 2004; Pluskota et al., 2008) . In some cases, direct binding results in fusion of the microvesicle with the target cell or endocytosis of the microvesicle. The roles of microvesicles have been best studied in processes such as inflammation and coagulation, and have been described in some excellent reviews (Cocucci et al., 2009; Hugel et al., 2005; Ratajczak et al., 2006b) . In this Commentary, we focus on recent advances and speculations about how microvesicles are generated, and also their role in cancer progression.
Microvesicle structure and biogenesis

Microvesicles and exosomes are distinct vesicle populations
Eukaryotic cells have been known for some time to release heterogeneous populations of membrane-enclosed vesicles both in vivo and in vitro by using unconventional secretory mechanisms that do not engage the classic signal-peptide secretory transport pathway (Nickel, 2005) . The release of exosomes and microvesicles are two mechanisms of unconventional exocytosis that have received much attention over the past few years. Microvesicles (elsewhere in the literature also referred to as microparticles, particles or ectosomes) are plasma-membrane-derived particles that are released into the extracellular space by outward budding and fission of the plasma membrane (Cocucci et al., 2009 ).
Microvesicles and exosomes are morphologically distinct. A recent study reveals that protease-containing microvesicles shed from tumor-cell lines appear to be rather heterogeneous in size, ranging from 200 nm to greater than 1 m in diameter, and shape as opposed to exosomes, which range from 50 nm to 80 nm in diameter and are a more uniform population of vesicles (Muralidharan-Chari et al., 2009a) . The same study also showed that microvesicles sediment at lower speeds relative to exosomes, which pellet at 100,000 g. It is important to note such differences between shed vesicle populations because many reports on the characterization of one or more of these vesicles have used membranes that sediment at 100,000 g and are, therefore, likely to contain a mixture of microvesicles and exosomes.
The distinction between shed microvesicles and exosomes subsists through biogenesis and release. Exosomes are formed intracellularly via endocytic invagination and are released into a structure known as a multivesicular body (MVB). The MVB then fuses with the plasma membrane, releasing its cargo of exosomes into the extracellular space. Comprehensive reviews of exosome structure and function have recently been published (Schorey and Bhatnagar, 2008; Simons and Raposo, 2009 ). The composition of microvesicles, however, depends largely on the cell type from which they originate, although the membrane composition of microvesicles remains distinct from that of the parental celloften with significant remodeling, enabling specialized functions. In this regard, not all plasma-membrane proteins are incorporated into shed vesicles (Muralidharan-Chari et al., 2009a) . Phosphatidylserine is relocated to the outer membrane leaflet, specifically at sites on the cell surface where microvesicle shedding occurs, while the topology of membrane proteins remains intact (Hugel et al., 2005; Lima et al., 2009; Muralidharan-Chari et al., 2009a ) (see Fig. 1 ). As recently shown in tumor cells, phosphatidylserine externalization occurs presumably in an effort to quell an immune response and promote tumor-cell survival (Johnstone, 2006) .
Potential mechanisms for microvesicle formation and release
Much remains to be understood about the mechanisms by which microvesicles are formed and shed at the cell surface. It appears that the release of the microvesicle population initiated by outward budding from the surface of the plasma membrane is followed by a fission event that in many ways resembles the abscission step in cytokinesis. During abscission, contractile machinery within the cleavage furrow draws the opposing membranes together before pinching off the membrane connection and separating the daughter cells (Muralidharan-Chari et al., 2009a; Schweitzer and D'SouzaSchorey, 2004) . The release of microvesicles also appears to share similarities with the events associated with viral budding (Chazal and Gerlier, 2003; Morita and Sundquist, 2004) . For example, in the case of some retroviruses, newly assembled Gag molecules coalesce at the plasma membrane and cause it to distort by forming semispherical aggregates. These viral buds are eventually released when the neck of the bud is pinched behind the viral particle. Moreover, there are structural similarities between membranederived shed vesicles and apoptotic blebs, both of which form by outward protrusion of the plasma membrane. Unlike apoptotic bodies, however, shed vesicles do not contain cytosolic organelles and/or nuclear fragments . Consistent with this understanding is the knowledge that multiple cell lines of both normal and transformed origin remain viable in culture even when stimulated to release microvesicles (Dolo et al., 1998; Ginestra et al., 1998; Muralidharan-Chari et al., 2009a; Taraboletti et al., 2002) . A recurring theme, however, is that the initiating events involve both lateral and vertical redistribution of plasmamembrane constituents resulting in alterations in local membrane curvature.
Impact of membrane lipids
Previous research has shown that lipid aggregation into microdomains within the plasma membrane can result in, and act to stabilize, membrane-bending forces and interactions between constituent molecules (Corbeil et al., 2001) . Although possible, the likelihood of spontaneous membrane curvature being the driving force behind de novo vesiculation remains low owing to curvature and membrane-fusion energy constraints. Proteins, however, can be used to overcome these physical limitations and alter membrane curvature through several mechanisms. First, proteins can exert a localized normal force, pushing on the membrane to generate the curvature needed to begin the budding process (Boulbitch, 1998; Farsad and Camilli, 2003) . In this model, spontaneous curvature acts to lower the pushing force required from the protein. Second, proteins can bend membranes by binding to the membrane surface (adding their interactional and conformational energy to the system) or inserting amphipathic moieties into the lipid matrix -in the latter case the protein acts as a wedge and, according to the bilayer-couple mechanism, will force curvature as a result of increasing the surface area on one leaflet (Sheetz et al., 1976; Chou et al., 2001 ). Third, contractile proteins can conceivably add tensile or contractile forces to one leaflet of the membrane, creating a structural asymmetry that would lead to bending (Huttner and Zimmerberg, 2001; Zimmerberg and Kozlov, 2006) . Fourth, proteins can act to regulate the lipid composition and asymmetry that exists in the plasma membrane (Daleke, 2003) . This lipid asymmetry can be generated by using several mechanisms. Initial variation in lipid distribution occurs owing to asymmetric lipid synthesis (Bell et al., 1981) . Furthermore, aminophospholipid translocases known as flippases and floppases regulate the movement of phospholipids from one leaflet to the other in an ATP-dependent manner (Seigneuret and Devaux, 1987; Martin and Pagano, 1987; Sune et al., 1987) . Similarly, Ca 2+ -dependent scramblase will allow for the randomization of plasma-membrane phospholipids, removing lipid-generated local curvature constraints. In a related mechanism, asymmetric activity of sphingomyelinase can generate ceramide gradients across the plasma membrane resulting in vectorial budding of vesicles towards sphingomyelinase activity (Holopainen et al., 2000) .
Consistent with the idea that de novo vesicle shedding does not occur as a result of spontaneous membrane curvature, studies have demonstrated that shedding requires energy input, RNA synthesis and protein translation (Dainiak and Sorba, 1991) . Microvesicle shedding has also been shown to take place at specific locations on the cell membrane that are enriched in assorted lipids and proteins, with the exact composition reflecting the cellular origin. Common among these lipid requirements is cholesterol, which is a key component of membrane lipid rafts. Lipid rafts were previously hypothesized to have a role in the initial 'pinching' events, because the microvesicles released from activated neutrophils contained high levels of cholesterol and pharmacological depletion of cellular cholesterol inhibits microvesicle shedding (Del Conde et al., 2005; Pilzer et al., 2005) . Similarly, as stated above, phosphatidylserine has been found to be exposed on the extracellular leaflet of shed vesicles (Lima et al., 2009; Muralidharan-Chari et al., 2009a) . This topological reversal may serve several purposes. First, the packing defects that result from the addition of the aminophospholipid to the extracellular leaflet can cause shape changes in the plasma membrane. Second, as mentioned below, it could promote detachment from the underlying cytoskeleton. Functionally, exposure of phosphatidylserine on the outer leaflet also allows the shed vesicle to become a target for the immune system.
Impact of the cytoskeleton
Early reports also focused on cytoskeletal disruption as a mechanism for microvesicle formation because shedding could be induced in P815 cells by colchicine, vinblastine and cold temperatures, all of which are known to disrupt the microtubule cytoskeleton (Liepins, 1983) . These treatments probably cause a localized rupture of the plasma membrane from the underlying cytoskeleton as well as subsequent blebbing owing to hydrostatic pressure differences, although this sort of blebbing process has been associated with apoptosis, cytokinesis and perhaps migration. Furthermore, microvesicles (even when released) are actin positive, whereas blebs are only transiently associated with the actin cytoskeleton (during retraction) (Charras et al., 2005; Paluch et al., 2005) . Separation of the plasma membrane from the cytoskeleton cannot be ruled out as a mechanism for the generation of microvesicles at the cell surface because the shift in phosphatidylserine to the outer membrane makes it unavailable for interaction with spectrins (Manno et al., 2002) . Additional reports point to an active role for contractile proteins in microvesicle budding (Dainiak et al., 1988) . Recent reports have also shed light on the role of contractile proteins, because phosphorylated myosin light chain kinase (MLCK2; a kinase that activates myosin II, allowing for contraction of the actin cytoskeleton) was localized to the neck of budding microvesicles (Muralidharan-Chari et al., 2009a) , and myosin 1a (MYO1A) was shown to be necessary for the formation of microvesicles (McConnell et al., 2009) . These data present an interesting possibility for the pinching mechanism, which ultimately releases the microvesicle from the cell surface. Unlike the endocytic mechanism in which dynamin wraps around and pinches closed the neck of the vesicle, shed vesicles seem to be contracted internally, with the edges drawn together by contractile proteins that act like a drawstring. Recent work, carried out in populations of tumor cells, presents a regulatory role for the small GTP-binding protein ARF6 in modulating the release of protease-loaded microvesicles (Muralidharan-Chari et al., 2009a) . By acting through phospholipase D and extracellular signalregulated kinases (ERKs), ARF6 regulates the activation of MLCK, and the subsequent phosphorylation of myosin light chain controls the release of protein-loaded microvesicles from invasive melanoma cells (Muralidharan-Chari et al., 2009a) .
Concomitant with the assorted modes of microvesicle initiation, formation and release, there are also multiple signaling pathways that are thought to regulate their biogenesis. There are many reports that highlight a potential role for growth factors in cell activation and subsequent microvesicle release, because removal of serum from the growth medium abolishes microvesicle release (Vittorelli, 2003) . There is also substantial evidence of increased shedding activity in microglia and dendritic cells when stimulated with Ca 2+ (Cocucci et al., 2009) . As stated previously, energy input is required for vesicle release. Although the exact points at which ATP is needed have yet to be confirmed, the steps for vesicle release in each of the models require energetic input, e.g. scramblase and flippase activity or contractile-protein activity.
Vertical redistribution of protein cargo to microvesicles
Recent studies also suggest that a variety of proteins are selectively incorporated into microvesicles, including proteins that are transported via the ARF6-regulated endosomal recycling pathway (D'Souza- Schorey and Chavrier, 2006; Donaldson, 2003) . For example, MHC class I, 1 intergrin receptors and vesicle-associated membrane protein 3 (VAMP3) are delivered to microvesicles.
Microvesicles are devoid of VAMP7 and Rab8, both of which have been implicated in membrane type 1 (MT1)-MMP delivery to the cell surface (Bravo-Cordero et al., 2007; Steffen et al., 2008) , and lack transferrin receptors, which also traffic between the cell surface and early endosomes (D'Souza- Schorey and Chavrier, 2006) . It is possible that in tumor cells, specialized recycling endosomes target cargo to the cell surface for incorporation into microvesicles (Fig. 2) . Alternatively, sites of microvesicle shedding might be a convergence point for membrane trafficking pathways directing specialized cargo to these structures. At this point is it unclear how soluble cytosolic proteins or nucleic acids are targeted to microvesicles. In tumor cells, shedding appears to occur at specific sites on the plasma membrane and is designed to release selected cellular components into the surrounding environment, particularly proteins involved in cell-matrix interactions and matrix degradation. As described below, in addition to facilitating cell invasion, microvesicle-mediated horizontal transfer of bioactive molecules can impact several aspects of tumor progression.
Microvesicles in cancer progression
Although microvesicle shedding occurs under physiological conditions, aberrant release of microvesicles can arise in disease states. The amount of microvesicles shed by tumor cells has been shown to correlate with their invasiveness both in vitro and in vivo . Microvesicles in cancer patients were first documented in 1978, when they were identified in cultures of spleen nodules and lymph nodes of a male patient with Hodgkin disease (Friend et al., 1978) . About a decade later, it was demonstrated that plasma-membrane-derived vesicles shed spontaneously from highly metastatic B16 mouse melanoma (F10) cells and, when fused with weakly metastatic B16 mouse melanoma (F1) cells, enabled F1 cells to metastasize to the lung (Poste and Nicolson, 1980) . Both of these studies set the stage for further investigations into the significance of microvesicle shedding in cancer progression. Since then, microvesicle-mediated cargo transfer to adjacent or remote cells has been shown to affect many stages of tumor progression (van Doormaal et al., 2009) , including angiogenesis, escape from immune surveillance, ECM degradation and metastasis (Fig. 3) . Microvesicles shed from tumor cells facilitate transfer of soluble proteins (Iero et al., 2008) , nucleic acids (Skog et al., 2008) , functional transmembrane proteins (Del Conde et al., 2005) , chemokine receptors (Mack et al., 2000) , tissue factor (Del Conde et al., 2005) and receptor tyrosine kinases such as epidermal growth factor receptor (EGFR) and human epidermal growth factor receptor 2 (HER2) (Al-Nedawi et al., 2008; Sanderson et al., 2008) . Here, we summarize and highlight recent developments on the significance of microvesicles in various aspects of cancer progression.
Acquisition of aggressive cancerous phenotypes
A recent report showed that the oncogenic receptor EGFRvIII, which is found exclusively in a subset of aggressive glioma 1606 Journal of Cell Science 123 (10) ? Fig. 2 . Working model for the trafficking of cargo to sites of microvesicle shedding. Recent studies suggest that a variety of proteins, including MHC class I, 1 intergrin receptors and VAMP3 -which are trafficked via specialized early recycling endosomes -are selectively incorporated into microvesicles. It is unclear whether cargo sorting occurs in endosomes so that pre-packaged vesicles are trafficked to the cell surface, or whether sorting occurs at the plasma membrane. Proteins trafficked via other pathways (dashed line) could also be delivered to microvesicles.
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Modulation of the microenvironment to support tumor growth and survival. Fig. 3 . Tumor-derived microvesicles influence many aspects of cancer progression. By their ability to harness select bioactive molecules and propagate the horizontal transfer of these cargoes, tumor-derived microvesicles can affect a variety of cellular events to have an enormous impact on tumor progression. tumors, was transferred to a non-aggressive population of tumor cells through microvesicles (Al-Nedawi et al., 2008) . As a consequence, the recipient cells exhibited the activation of two signaling pathways [mitogen-activated protein kinase (MAPK) and Akt] and changes in the expression of EGFRvIII-regulated genes [vascular endothelial growth factor (VEGF), Bcl-X L , p27], leading to morphological transformation and an increase in anchorage-independent growth. Notably, treatment of the microvesicles with EGFRvIII kinase inhibitor diminished the aforementioned signaling responses in recipient cells, as did masking of their exposed phosphatidylserine residues with annexin V, which points towards a linear link between the downstream effects in the recipient cells and the acquisition of EGFRvIII from microvesicles.
Tumor-derived microvesicles
Microvesicles and tumor angiogenesis
Angiogenesis is vital for tumor survival and tumor growth, and occurs by proliferation of endothelial cells to form a mesh of blood vessels that infiltrate into the tumor, facilitating the supply of nutrients and oxygen for tumor growth as well as removal of waste products (Carmeliet, 2005) . As discussed below, several reports indicate that tumor-derived microvesicles stimulate secretion of several pro-angiogenic factors by stromal fibroblasts, and chemoattract and facilitate the proliferation of endothelial cells to promote angiogenesis and enable tumor growth (Table 1) .
Matrix reorganization by endothelial cells -a cellular process that is facilitated by matrix-degrading proteases, particularly MMPs -is crucial for the process of vascularization under normal conditions and also in cancer. Dolo and colleagues showed that microvesicles shed by endothelial cells contain MMPs, such as MMP2, MMP9 and MT1-MMP, that facilitate autocrine stimulation of endothelial-cell invasion into Matrigel and result in cord formation (Taraboletti et al., 2002) . In a follow-up study, the same group demonstrated that microvesicles isolated from ovarian-cell lines such as CABA1 and A2780, stimulated the motility and invasiveness of endothelial cells in vitro and also reported the presence of VEGF in microvesicles together with MMPs (Taraboletti et al., 2006) . Interestingly, Al-Nedawi and colleagues showed that the onset of VEGF expression and its receptor VEGFR in endothelial cells ensues following the transfer of EGFR via microvesicles shed by human cancer-cell lines that harbor the activated EGFR mutation (Al-Nedawi et al., 2009) . Beside growth factors and proteases, microvesicle-mediated transfer of miRNAs has also been shown to stimulate tubule formation in endothelial cells by modifying the translational profile of these cells and, thereby, promoting acquisition of the angiogenic phenotype (Skog et al., 2008) .
Lipids from microvesicles can impact endothelial-cell migration and angiogenesis. In this regard, sphingomyelin, a major component identified in microvesicles shed from the fibrosarcoma cell line HT1080, together with VEGF, was shown to confer migratory and angiogenesis-inducing properties to endothelial cells (Kim et al., 2002) . Whereas purified sphingomyelin elicited similar migratory and angiogenic effects to that of lipid extracts from microvesicles, sphingomyelinase-treated lipid extracts lost their migrationpromoting activity. Further, CD147/extracellular matrix metalloprotease inducer (EMMPRIN), a plasma-membrane glycoprotein and an ECM metalloproteinase, has been demonstrated to have a crucial role in the progression of malignancies by regulating expression of VEGF and MMPs in stromal cells (Biswas et al., 1995; Tang et al., 2004) .
Thus, microvesicles secreted by tumor cells induce endothelial cells to release microvesicles that contain VEGF and sphingomyelin in order to promote angiogenesis. It is interesting that in lung cancer models, hypoxia induces an increased release of microvesicles (Wysoczynski and Ratajczak, 2009 ). Thus, the adverse tumor microenvironment somehow triggers tumor cells to release microvesicles, which in turn facilitates angiogenesis by bringing nutrients and oxygen to the rescue of cancer cells. ECM degradation upon rupture of released microvesicles (Angelucci et al., 2000; Ginestra et al., 1998; BajKrzyworzeka et al., 2006; Sidhu et al., 2004 ECM modification and MMP activation (Hakulinen et al., 2008; Giusti et al., 2008; Taraboletti et al., 2006; Dolo et al., 1998 
Microvesicles and tumor-triggered blood coagulation
A range of hematological complications broadly categorized as 'thromboembolism' is associated with cancer-related mortality (Zwicker et al., 2007) . Tissue factor (TF) is emerging to be the single most-responsible factor for hypercoagulation and related disorders in cancer patients. TF forms complexes with coagulation factors VII and/or VIIIa to activate thrombin, leading to fibrin deposition (Giesen et al., 1999) . Although the presence of TF in microvesicles is generally accepted, the source of microvesicles carrying TF is controversial because -in addition to tumor cellsendothelial cells, monocytes and platelets can also be triggered to release microvesicles (Dvorak et al., 1983; Mezzano et al., 2008; Edwards et al., 1979) . A recent study showed that most of the TFbearing microvesicles were tumor derived (Zwicker et al., 2009 ). The group further confirmed the association between the presence of TF-bearing microvesicles and an increased risk of thromboembolic disease in malignancy (Zwicker et al., 2009 ). Additionally, activation of the coagulation system and TF signaling has also been suggested to deliver growth-promoting stimuli to dormant cancer stem cells (Milsom et al., 2007) .
Impact on the tumor microenvironment
Cancer cells interact with the stroma and actively modify the microenvironment to favor their own progression (Fidler and Poste, 2008) . Accordingly, a recent study from Castellana and colleagues highlights a mechanism of reciprocal communication between cancer cells and microvesicles. In this study, microvesicles released by PC3 cells, an invasive prostate cancer cell line, triggered ERK phosphorylation, MMP9 upregulation, increased motility and resistance to apoptosis in fibroblasts in the surrounding microenvironment. In turn, the activated fibroblasts shed microvesicles to facilitate the migration and invasion of the prostate cancer line (Castellana et al., 2009) . A similar feedback phenomenon was reported in yet another study, confirming the role of prostate-tumor-derived microvesicles in the 'activation' of stromal cells in the tumor microenvironment (Di Vizio et al., 2009 ). This study also identified increased chromosomal loss of the DIAPH3 locus in a cohort of prostate cancer patients, which encodes the diaphanous homolog 3 (DIAPH3) gene, suggesting that DIAPH3 is a physiologically relevant protein involved in this process. Microvesicles released by lung cancer cells also activate and chemoattract stromal fibroblasts as well as endothelial cells to facilitate tumor cell growth (Wysoczynski and Ratajczak, 2009 ).
Evasion of immune surveillance
Although most tumor antigens originate from the tumor, spontaneous cancer immunity occurs via immune surveillance in the host to contain cancer growth in its early phases of progression (Dunn et al., 2004; Valenti et al., 2007) . However, this housekeeping mechanism usually fails with disease progression when escape mechanisms adopted by tumor cells that silence their immunogenic profile prevail, and immunosuppressive pathways are activated (Zou, 2005) . To outlast immune surveillance mechanisms, cancer cells can either alter cross-priming by antigen-presenting cells to switch off T-cell responses or eliminate the anti-tumor effector cells. Accordingly, direct fusion of microvesicles produced by human melanoma or colorectal carcinoma cells with monocytes inhibited the differentiation of monocytes to antigen-presenting cells both in vitro and in vivo (Valenti et al., 2006) . Instead, monocytes released immunosuppressive cytokines that inhibited cytolytic T-cell activation and function. In addition, studies have
shown that cancer-cell-released microvesicles with exposed TNFL6 (also known as FasL or CD95 ligand), a ligand of TNR6 (also known as FAS or CD95 ) can induce apoptosis in activated antitumor T cells to abrogate the potential of these effector cells to kill tumor cells (Andreola et al., 2002; Huber et al., 2005; Wysoczynski and Ratajczak, 2009) . In oral squamous cell carcinoma, a modest correlation was identified between tumor burden (measured by lymph-node infiltration) and the numbers of circulating FasL-exposed microvesicles in the blood (Kim et al., 2005) . Also, microvesicles from lymphoblastoma cells have been shown to expose latent membrane protein (LMP-1), another immune-suppressing transmembrane protein, which inhibits leukocyte proliferation (Flanagan et al., 2003) . Hypothetically, cancer cells can fuse with microvesicles derived from non-cancer cells to camouflage behind the lipids and membrane-specific proteins of non-transformed cells. A study by Tesselaar and colleagues identified a low number of circulating microvesicles from cancer patients that stained for both MUC1, a cancer-cell marker, and glycoprotein IIIa, a protein that is exclusively present on platelets (Tesselaar et al., 2007) . It could be argued that such microvesicles are released by tumor cells after they have fused with microvesicles released by platelets. Additional studies are warranted to confirm this hypothesis. All of the above suggest that the horizontal transfer of microvesicle cargo can successfully divert immune cells to altered phenotypes, thereby facilitating cancer-cell evasion of the immune response.
Impact on tumor invasion and metastasis
Matrix degradation is essential for promoting tumor growth and metastasis (Hotary et al., 2006) . As indicated above, microvesicles that are shed by tumor cells are loaded with proteases and provide an additional means of matrix degradation, creating a path of least resistance for invading tumor cells. Accordingly, studies report the presence of MMP2, MMP9, MT1-MMP and their zymogens urokinase-type plasminogen activator (uPA) and EMMPRIN, within tumor-derived microvesicles (Angelucci et al., 2000; Ginestra et al., 1998; Baj-Krzyworzeka et al., 2006; Hakulinen et al., 2008) . MMPs degrade basement collagens, whereas uPA catalyzes the conversion of plasminogen into plasmin, a serine protease that facilitates the conversion of MMP zymogens into their active forms as well as the degradation of matrix components such as fibrin (Angelucci et al., 2000) . In addition to uPA, cathepsin B, which is also present within the microvesicles, gets activated at low pHtypical of the acidic environment of solid tumors -and facilitates activation of MMPs within microvesicles (Giusti et al., 2008; Taraboletti et al., 2006) .
Given the importance of matrix degradation in tumor metastases, it is logical to hypothesize that there is a direct correlation between the number of invasive microvesicles and tumor progression. Indeed, protease-loaded membrane vesicles with invasive properties have been observed in malignant ovarian ascites that are derived from women with stage-I to -IV ovarian cancer (Graves et al., 2004) . This study also showed that latestage ascites contained substantially more vesicles than those in early-stage disease, although the invasive ability of the vesicles was approximately the same, irrespective of disease stage. Similarly, in breast cancer-cell lines, the number and proteolytic capacity of shed microvesicles correlate with their in vitro invasive capacity . Both inhibition of proteases and inhibition of microvesicle adhesion to the ECM abolished the ability of these microvesicles to promote tumor invasiveness, supporting the relevance of this pathway. As mentioned earlier, recent work has shown that the small GTPbinding protein ARF6 localizes to protease-containing microvesicles shed from invasive tumor-cell lines. Consistent with its role in regulating tumor invasion in cell and animal models (D'Souza- Schorey and Chavrier, 2006; Hu et al., 2009; Muralidharan-Chari et al., 2009b) , ARF6 activation promotes microvesicle shedding, whereas dominant inhibition of ARF6 activation attenuates microvesicle shedding (Muralidharan-Chari et al., 2009a) . Thus, the release of invasive microvesicles might serve in part as a mechanism by which ARF6 regulates tumor invasion. It should be noted that microvesicle-mediated ECM degradation appears to be distinct from matrix degradation by invadopodia, another type of invasive structure that is formed at the adherent surface of tumor cells and the formation of which is also linked to the activation of ARF6. In the relevant study, cortactin -a bona fide component of invadopodia -was shown to be absent in microvesicles (Muralidharan-Chari et al., 2009a) . Although proteases at the surface of invadopodia might represent a mechanism for local pericellular proteolysis at the leading or invading membrane edge, microvesicle release probably promotes more distant focal proteolysis and creation of an invasion path.
Microvesicles and multi-drug resistance
An example for the direct involvement of microvesicles in facilitating tumor-cell survival comes from the demonstrated expulsion of therapeutic drugs from tumor cells through microvesicles. Tumor cells treated with doxyrubicin accumulated and released the drug in shed microvesicles, implying microvesicle shedding as a drug-efflux mechanism involved in drug resistance (Shedden et al., 2003) . Another study documented that microvesicles of cisplatin-insensitive cancer cells contained 2.6-fold more cisplatin than cisplatin-sensitive cells that release microvesicles (Safaei et al., 2005) . Therefore, by virtue of their ability to harness select bioactive molecules and propagate the horizontal transfer of these cargoes, shed microvesicles can have an enormous impact on tumor growth, survival and spread.
Concluding remarks and future perspectives
The main role of microvesicles is to promote communication between the cells from which they are derived and their surrounding environments. Whereas the biogenesis and roles of microvesicles have been burgeoning areas of research in the recent past, several pertinent issues require further investigation to better understand the significance and the therapeutic potential of these structures. For example, it would be of interest to know whether microvesicles serve as a general mechanism for intercellular transfer of oncogenic receptors. Another question that needs to be addressed is whether tumor cells simultaneously release distinct populations of microvesicles that contain discrete sets of molecules. Alternatively, is the composition of shed microvesicles and the nature of the cargo packaged within these structures determined by disease stage? In addition, the cellular mechanisms involved in microvesicle formation and release, as well as the targeting of molecules to these sites promise to be a new and exciting area of investigation. Molecules that regulate microvesicle shedding and proteins on circulating microvesicles that are responsible for tumor growth, progression and survival will be effective targets for anti-cancer therapeutics.
As microvesicles can be detected in biological fluids such as blood, urine and ascites they could potentially serve as prognostic and predictive biomarkers for cancer progression. Tumor-specific markers that are exposed on circulating microvesicles might be particularly useful as potential biomarkers. The protein composition of microvesicles might reflect molecular changes in tumor cells from which they are derived and, therefore, can potentially serve as a prognostic indicator of disease stage and efficacy of treatment. Microvesicle biogenesis and shedding is an important but relatively understudied area of tumor-cell biology. Accumulating evidence, as outlined above, demonstrates that they are important mediators of cell communication and underappreciated but vital components of the tumor microenvironment niche.
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